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Physics Motivation:
Jet Reconstruction

parton

Two Particle Correlation

■ Energy loss
■ Production geometry
■ Medium excitations
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 Two Momentum Regimes 4

Higher pair momentum: p{A,B}
T � 4 GeV/c

Explore:
fast parton survival

Learn:
initial deposit geometry
energy loss characteristics
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Higher pair momentum: p{A,B}
T � 4 GeV/c

Explore:
fast parton survival

Learn:
initial deposit geometry
energy loss characteristics

Lower pair momentum: p{A,B}
T � 4 GeV/c

Explore:
medium response
or triangular flow

Learn:
production mechanisms
medium properties
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Event Characterization

■ Vertex, Centrality, Reaction Plane
(BBC, RXPN)

Single Particle Reconstruction
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Event Characterization

■ Vertex, Centrality, Reaction Plane
(BBC RXPN)

Single Particle Reconstruction

■ Charged Particle Tracking
(DC, PC1, PC3, RICH)

■ Photon and π0 Reconstruction
(PbSc, PbGl, PC3)

h±

π0

γ
γ
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High momentum background

■ photon conversion
■ post-field decay
■ albedo

Extend matching 
requirement in PC3

e+e-

pT > 5 GeV/c

3σ
2σPC3 Matching
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 Charge Particle Tracking 6

High momentum background

■ photon conversion
■ post-field decay
■ albedo

Extend matching 
requirement in PC3

e+e-

pT > 5 GeV/c

3σ
2σPC3 Matching

Single Tracks Pair Correlations

Jet pairs free of background < 7 GeV/c
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Still no evidence 
for jet broadening
Away-side suppression at large associated pT
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Observation: Surprisingly at high pT, IAA > RAA
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Pythia + simple energy loss + Glauber geometry toy model

Au Au

w

dÊ/Ê0 = dE/E0

Assume:
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Pythia + simple energy loss + Glauber geometry toy model

Au Au

w

dÊ/Ê0 = dE/E0

Assume:

increasing interaction probability

Can get:

IAA > RAA

Momentum shifts against the 
harder conditional spectra
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IAA ∼ 0.45

IAA ∼ 0.20

tRMS ∈ [3.2, 4.8] fm tRMS ∈ [5.0, 5.8] fm
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Two source model:

and rxpn-binning requires:

high order
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Two source model:

and rxpn-binning requires:

high order

Au Au

But more simply:



 Jet Functions - Full Set @ 3-4 GeV/c 14

Au Au

Au Au Au Au Au Au

Au Au

Au Au

Au Au



 Jet Functions - Full Set @ 3-4 GeV/c 14

Au Au

Au Au Au Au Au Au

Au Au

Au Au

Au Au



 Away-side ϕS Dependence 15

AB

0 0.5 1 1.5 2 2.5 3

) (
ar

b.
 u

ni
ts

)
A

B
J(

-0.2

0

0.2

0.4

0.6

0.8

1

1.2
0 [4.0,7.0] GeV  

T
Ap

± [3.0,4.0] GeV h 
T
Bp

 = 200 GeV - Cent 20-60%NNsAu+Au 

 = 0.66(3)

]°,15° [0| 
A

-|
]°,90° [75| 

A
-|



 Away-side ϕS Dependence 15

AB

0 0.5 1 1.5 2 2.5 3

) (
ar

b.
 u

ni
ts

)
A

B
J(

-0.2

0

0.2

0.4

0.6

0.8

1

1.2
0 [4.0,7.0] GeV  

T
Ap

± [3.0,4.0] GeV h 
T
Bp

 = 200 GeV - Cent 20-60%NNsAu+Au 

 = 0.66(3)

]°,15° [0| 
A

-|
]°,90° [75| 

A
-|



 Away-side ϕS Dependence 15

AB

0 0.5 1 1.5 2 2.5 3

) (
ar

b.
 u

ni
ts

)
A

B
J(

-0.2

0

0.2

0.4

0.6

0.8

1

1.2
0 [4.0,7.0] GeV  

T
Ap

± [3.0,4.0] GeV h 
T
Bp

 = 200 GeV - Cent 20-60%NNsAu+Au 

 = 0.66(3)

]°,15° [0| 
A

-|
]°,90° [75| 

A
-|

 (rad)s

0 0.2 0.4 0.6 0.8 1 1.2 1.4

N
ea

r P
TY

 (a
rb

. u
ni

ts
)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

]18
3 [0, 

0.06 (stat+sys)± = 0.94 in/PTYoutPTY

-correctedrp

0 [4.0,7.0] GeV  
T
Ap

± [3.0,4.0] GeV h 
T
Bp

 = 200 GeV - Cent 20-60%NNsAu+Au 

     in-plane      out-plane

insignificant near-side trend



 Away-side ϕS Dependence 15

AB

0 0.5 1 1.5 2 2.5 3

) (
ar

b.
 u

ni
ts

)
A

B
J(

-0.2

0

0.2

0.4

0.6

0.8

1

1.2
0 [4.0,7.0] GeV  

T
Ap

± [3.0,4.0] GeV h 
T
Bp

 = 200 GeV - Cent 20-60%NNsAu+Au 

 = 0.66(3)

]°,15° [0| 
A

-|
]°,90° [75| 

A
-|

 (rad)s

0 0.2 0.4 0.6 0.8 1 1.2 1.4

A
w

ay
 P

TY
 (a

rb
. u

ni
ts

)

-0.05

0

0.05

0.1

0.15

Renk - Phys.Rev.C78:034904,2008
Pantuev - private communication

],9
7 [ 

0.25 (stat+sys)± = 0.60 in/PTYoutPTY

-correctedrp

0 [4.0,7.0] GeV  
T
Ap

± [3.0,4.0] GeV h 
T
Bp

 = 200 GeV - Cent 20-60%NNsAu+Au 

     in-plane      out-plane

falling away-side trend

 (rad)s

0 0.2 0.4 0.6 0.8 1 1.2 1.4

N
ea

r P
TY

 (a
rb

. u
ni

ts
)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

]18
3 [0, 

0.06 (stat+sys)± = 0.94 in/PTYoutPTY

-correctedrp

0 [4.0,7.0] GeV  
T
Ap

± [3.0,4.0] GeV h 
T
Bp

 = 200 GeV - Cent 20-60%NNsAu+Au 

     in-plane      out-plane

insignificant near-side trend



 Away-side ϕS Dependence 15

AB

0 0.5 1 1.5 2 2.5 3

) (
ar

b.
 u

ni
ts

)
A

B
J(

-0.2

0

0.2

0.4

0.6

0.8

1

1.2
0 [4.0,7.0] GeV  

T
Ap

± [3.0,4.0] GeV h 
T
Bp

 = 200 GeV - Cent 20-60%NNsAu+Au 

 = 0.66(3)

]°,15° [0| 
A

-|
]°,90° [75| 

A
-|

 (rad)s

0 0.2 0.4 0.6 0.8 1 1.2 1.4

A
w

ay
 P

TY
 (a

rb
. u

ni
ts

)

-0.05

0

0.05

0.1

0.15

Renk - Phys.Rev.C78:034904,2008
Pantuev - private communication

],9
7 [ 

0.25 (stat+sys)± = 0.60 in/PTYoutPTY

-correctedrp

0 [4.0,7.0] GeV  
T
Ap

± [3.0,4.0] GeV h 
T
Bp

 = 200 GeV - Cent 20-60%NNsAu+Au 

     in-plane      out-plane

falling away-side trend

 (rad)s

0 0.2 0.4 0.6 0.8 1 1.2 1.4

N
ea

r P
TY

 (a
rb

. u
ni

ts
)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

]18
3 [0, 

0.06 (stat+sys)± = 0.94 in/PTYoutPTY

-correctedrp

0 [4.0,7.0] GeV  
T
Ap

± [3.0,4.0] GeV h 
T
Bp

 = 200 GeV - Cent 20-60%NNsAu+Au 

     in-plane      out-plane
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Trend Characterization: 
ratio of extrema yields

PTY (φS = π/2)
PTY (φS = 0)

■ Consistent 
with a linear 
falling function

■ Steeply falling

Both partner 
bins:
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risingfalling
flatquenched

(over-subtraction)

1

2

3

4

0



 “Control” Centrality 0-20% 18

Near-side Away-side

4-5 GeV/c

3-4 GeV/c

Partners:

No significant trends, large away-side suppression
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Simple energy loss (L-dependence) + realistic geometry

arXiv:1005.0645

but no energy loss fluctuations
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best fit to RAA, high pT v2

but no energy loss fluctuations
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Simple energy loss (L-dependence) + realistic geometry

arXiv:1005.0645

best fit to RAA, high pT v2

but no energy loss fluctuations
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High pT - Energy Loss

■ a large initial anisotropy 
  or
■ a large path-length dependence

Steep away-side suppression by trigger orientation:

IAA is not consistent with simple increased 
suppression:

■ a feature missed in some theories 
   (could be related to spectral slope)
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 Jet Functions - Full Set @ 4-5 GeV/c 23

most
in-plane

most
out-of-plane



 Jet Functions - Full Set @ 3-4 GeV/c 24

most
in-plane

most
out-of-plane
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 Arb. Scale Definition 26



 Pair Correlation Regimes 27

pA,B
T“high”“intermediate”

~1 - 4 GeV/c ≳ 4 GeV/c

Modification Suppression



 Energy Loss Categories 28

Nuclear Overlap Crossing Nuclear Overlap Tangential



 Variation with Reaction Plane 29

in out in out

The dependence of away-side PTY can discriminate between models.



 Tangential Rising PTYs 30

Integrated Column Density
Trigger Multiplicity

in-plane

out-of-plane
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 Near-side Ridge 34
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 Medium Response Triggers 37

Non-fragmentation triggers 
significantly complicates 
interpretation

Ridge and Shoulder may be:

■ jet-correlated
■ self-correlated

Medium Response from the 
bulk and Recombination 
effects should be examined



 Away-side pT Spectra 38

Reaction-plane dependence prefers 
crossing production

Spectral centrality dependence shows
consistent slopes at high pT

Surviving Partons:

■ cross the nuclear overlap
■ lose little energy

“skip-through” production indicated
for mid-central collisions

A. Adare, et al.,Phys.Rev .C78 : 014901(2008)
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Vlad Pantuev - nucl-ex/0610002
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Background Contribution:

 ■ collective event shape, v2

 ■ normalization, b0

 - assume no jet signal at minimum
 - or calculate combinatorial rate

Pairs correlate via the same hard scattering or via 
trivial participation in the same event

Some correlation sources (HBT, decay) are small
Others (recombination) may not be...
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High pT - Energy Loss

But where does the energy go?

Intermediate pT - Medium Response

Overlap Geometry:
■ possibly more anisotropic than expected in models

Surviving partons:
■ cross the overlap
■ lose little energy


